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Fiber Bragg grating (FBG) sensor network has attracted considerable interest 
owing to their advantageous properties such as linear sensing, wavelength-encoded 
operation, electromagnetic resistance and multiplexing capability. FBG demodulation 
technique, network multiplexing technique and cross sensitivity discrimination 
technique are three key techniques lies in the field of FBG sensor network. The 
current studies mainly focus on principle and experimental method. From the point of 
view of optimization, many issues in the FBG sensor network can be transformed into 
the solutions of optimization problems. Considering the complex nonlinear 
optimization problems, most of them have not been systematically explored. In this 
thesis, we utilize evolutionary computation technology to solve some key issues of the 
FBG sensor network, including wavelength demodulation, overlapping spectra based 
multiplexing design and temperature and strain cross sensitivity, etc. 
1. FBG demodulation technique based on evolutionary computation 
We address the wavelength detection problem in a serial wavelength division 
multiplexing (WDM) FBG sensor network, when the spectra of the FBGs are partially 
or fully overlapped. The transfer matrix method is used to analyze the reflective 
spectra and construct the objective function. Based on the analysis of the search space 
in this problem, an improved differential evolution algorithm is designed to enhance 
the detection efficiency and improve the accuracy for the serial WDM system. A new 
―swap‖ operator is dynamically incorporated in the DE algorithm to find an 
appropriate solution. Experimental results show that the wavelength detection error is 
typically smaller than 0.2pm. 
Evolutionary computation technique is capable of accurately determining the 
Bragg wavelengths within the WDM FBG sensor network. However, as the sensor 
number increases, evolutionary algorithms require longer processing time to achieve 
high accuracy. In order to overcome this limitation, we transform the wavelength 














machine learning technique, least squares support vector regression (LS-SVR) is 
employed to obtain an initial solution, then particle swarm optimization is applied to 
gain a high-precision solution. The proposed method increases the speed of 
convergence and enhances the ability of searching the whole best solution. 
2. FBG sensor network multiplexing design based on evolutionary computation 
The wavelength division multiplexing (WDM) technique is a major multiplexing 
arrangement to design a FBG sensor system. In WDM technique, multiplexing 
capability is limited by both the total bandwidth of the sensor system and the effective 
spectral bandwidth available for each FBG sensor. A novel scheme based on 
Pareto-based multi- objective optimization technology is proposed to design a WDM 
FBG sensor network, in which the spectra of the FBGs within the network are 
allowed to be overlapped. The Pareto front provides a set of trade-off between the 
bandwidth resource and the overlapping degree of spectra to help select the 
appropriate solution. NSGA-II and SPEA2 is applied for obtaining the Pareto front. 
Once the Pareto solutions are found, a decision maker can choose one of them for 
implementation, depending on additional engineering requirements. The source 
bandwidth can be reduced by over 38% through allowing a few overlapping spectra. 
Meanwhile, the mean RMS of the wavelength measurement error is acceptable. 
3. Discrimination technique based on evolutionary computation 
There are two kinds of strain for FBG sensor: uniform strain and local strain. 
Cross-sensitivity effects, strain effects tangled with temperature effect, make it 
impossible to separately determine the temperature and other parameters by 
measurement of the wavelength shift of the single FBG sensor. In order to realize 
practical applications of FBG sensors, discrimination measurement method must 
reveal individual parameter, in which the cross sensitivity between temperature and 
strain is one of the most fundamental issues. From the angle of the synthesis of FBG, 
the proposed approach applies the system identification method to resolve the cross 
sensitivity. The temperature and strain are considered as two parameters, through 
reconstruction of a theoretical reflection spectrum, an identification model is 














construed spectrum. An improved artificial immune network algorithm is used to 
solve the identification model. The results demonstrate that our approach is effective 
in resolving the cross sensitivity of FBGs while maintaining high measurement 
accuracy. 
In summary, the studies in this thesis are a crossing research topic of information 
science, intelligent control, communication and electronics and so on. Evolutionary 
computation technique and intelligent optimization algorithms are applied to solve 
key issues in the FBG sensor network, including FBG demodulation, network 
multiplexing and cross sensitivity discrimination. Our goal is to achieve a more 
flexible, smarter, and lower-cost FBG sensor network and develop it in the direction 
of intelligence. 
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